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‘I want to ground my discussion of
explanation in biology in that
which leads biologists to say Aha!’
says Evelyn Fox Keller, professor
of the history and philosophy of
science at the Massachusetts
Institute of Technology. Keller is
fascinated by biologists’
explanations of their work. But
she is also interested in how
biologists have managed to be so
extraordinarily successful over the
past century with such a challenge
from physical science to account
for biological phenomena.
She considers that the origin of
biology as a separate subject can
be linked back to Lamarck. His
Zoological Philosophy, written in
1809, was an enquiry into the
physical causes which give rise to
the phenomena of life. He wrote
‘Nature has no need for special
laws, those which generally
control all bodies are perfectly
sufficient for the purpose.’
However, ‘if we wish to arrive at a
real knowledge of… what are the
causes and laws which control so
wonderful a natural phenomenon,
and how life itself can originate
those numerous and astonishing
phenomena exhibited by living
bodies, we must above all pay
very close attention to the
differences existing between
inorganic and living bodies.’ In
doing so, Lamarck found that
‘between crude or inorganic
bodies and living bodies there
exists an immense difference, a
great hiatus, in short, a radical
distinction such that no inorganic
body whatever can even be
approached by the simplest of
living bodies’.
But Keller’s focus begins at the
beginning of the last century when
the question of what is life was
being asked with increasing
urgency, along with such
companion phrases as the ‘riddle
of life’, or ‘secret of life’. She
believes such questions were
understood increasingly as
provocation, as demanding an
answer, a solution. ‘Is the
demarcation between the living
and the non-living so categorical
as to admit no intermediates, no
bridges that might link the two
domains,’ she asks.
She describes the work of the
French chemist Stéphane Leduc,
who used a range of inorganic
chemicals to create life-like forms
of mushrooms and hydra-type
organisms. For a brief period in
the first two decades of the
twentieth century it attracted
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considerable interest in the
scientific literature and was seen
by many readers as promising to
illuminate the nature and origin of
life, says Keller. ‘It demonstrates
the possibility of such forms
emerging without the intervention
of extra-physical powers,’ Leduc
claimed.
‘It is a marvelous spectacle to
see a formless fragment of
calcium salt grow into a shell, a
madrepore, or a fungus, and this
the result of a simple physical
force.’
Leduc won much contemporary
support. The botanist John
Macfarlane wrote in 1918: ‘We
hope to show that these are the
necessary stages and phenomena
that carry us from inorganic
colloids… to the varied series of
organic colloids in which… biotic
energy resides.’ 
But while Leduc’s work is now
history and appears almost
absurd to the modern reader, the
work, On Growth and Form, by
one biologist, Wentworth D’Arcy
Thompson, has had a much wider
and deeper impact. Thompson
took on the task of uprooting the
remaining vestiges of vitalism – of
showing that the principles of
physics and chemistry could
suffice, by themselves, to account
for the growth and development
of genuine biological form.
Thompson’s work met with instant
acclaim, and it went on to be a
classic in the literature of biology.
‘The zoologist or morphologist
has been slow… to invoke the aid
of the physical or mathematical
sciences… To treat the living
body as a mechanism was
repugnant, and seemed even
ridiculous’, he wrote.
Yet there is little evidence that it
had any more influence on either
the conceptual or experimental
practices of working biologists
than did the work of Leduc.
Meanwhile genetics was
beginning to get established and
Keller has much to say about the
development of this field but early
hesitance was apparent. Keller
quotes Hugo de Vries writing in
1889 about his pangens: ‘Just as
physics and chemistry are based
on molecules and atoms, even so,’
he wrote, ‘the biological sciences
must penetrate to these units in
order to explain by their
combinations the phenomena of
the living world.’ On the other
hand, if such a unit were, as he put
it, to ‘impress its character upon
the cell’, to either ‘represent’ the
properties of an adult organism or
cause their coming into being, it
must obviously be something
larger and more complex than a
chemical molecule. ‘These minute
granules,’ he concluded, ‘are more
correctly to be compared with the
smallest known organism’.
A key possibility for many
physical scientists trying to keep
biology wholly within their domain
was that it should be possible to
create it experimentally. In spite of
the work of Louis Pasteur, many
researchers still believed in the
potential of spontaneous
generation. Jaques Loeb in a
lecture given in Hamburg in 1911
was one of many to whom the
route to understanding the nature
of life lay in producing life in the
laboratory. He argued that ‘we
must either succeed in producing
living matter artificially, or we
must find the reasons why this is
impossible.’
‘So widespread were the efforts
in the latter part of the nineteenth
century and the first two decades
of the twentieth that a new term
seemed called for as a designator
of a new science. Some used
‘synthetic biology’; others
‘plasmogeny’, writes Keller.
The Mexican physiologist A. L.
Herrera took the liberty of
extending the history of this new
discipline even further back in
time, but he was particularly
enthusiastic about its recent
progress: ‘Plasmogeny, originated
by Nollet, who discovered
osmosis in 1748, was a child
about 1885... Today it is an adult
in possession of its full strength
and faculties. Who knows when it
will reach its objective, which is
the synthesis of living matter?’
While physical science
continued to be used to claim
priority in addressing biological
issues, genetics was moving
apace. But initial resistance to the
field was substantial. Thompson
wrote: ‘The importance of heredity
to the science of morphology can
not be denied, but ‘to see in the
characters of a bone merely the
results of variation and heredity’ is
to risk ‘error and misconception’;
it is ‘to give to that science a one-
sided and fallacious simplicity’.’
Thompson criticised August
Weismann’s proposed units of
heredity: ‘To speak of ‘an
hereditary substance’ as
responsible for development can
only be justified ‘by the
assumption that particular portion
of matter is the essential vehicle
of a particular charge or
distribution of energy, in which is
involved the capability of
producing motion, or of doing
‘work’. For, as Newton said, to tell
us that a thing ‘is endowed with
an occult specific quality, by
which it acts and produces
manifest effects, is to tell us
nothing’.’
For the 1942 edition he wrote:
‘The efforts to explain ‘heredity by
help of ‘genes’, which have grown
up in the hands of Morgan and
others since this book was first
written stand by themselves in a
category which is all their own
and constitutes a science which is
justified in itself.’
‘The difference between a
smooth and a wrinkled pea,
familiar to Mendelians, merely
depends, somehow, on amount
and rate of shrinkage’, he wrote.
Biology blossomed mid-century
with the publication of the
structure of DNA as Keller
describes and explores along with
many other aspects of genetics
and developmental biology.
Michael Conrad, in a review of the
history of the Society of
Mathematical Biology six years
ago, wrote that, with the success
of molecular biology, ‘a
generation of theoretical
‘speculation’ was being sent to
the graveyard in body bags.’ Says
Keller: ‘we might say that the
business of biologists is to make
sense of life… Throughout most of
the past century, biologists have
generally eschewed the
possibility, or even the value, of
an overarching theory of life.’ And
many biologists might say Aha! to
that.
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